Plasma analysis
All rats were fasted for 12 hours after 40 hours from the final bout of exercise. They were anesthetized with diethyl ether (Wako Pure Chemical Industries, Ltd., Osaka, Japan), and a blood sample was taken from the abdominal artery (10 mL) for analysis. Samples were centrifuged (3,000 rpm for 15 minutes at 4˚C) to obtain serum, which was stored at -80˚C for post-exercise analysis of leptin, insulin, and cortisol levels.
Leptin and insulin levels were measured with a specific radioimmunoassay kit (Linco Research, St. Charles, MO, USA). The cortisol level was analyzed enzymatically using an autoanalyzer (Hitachi 747, Hitachi, Tokyo, Japan).
Statistical analysis
All data are presented as a mean ± standard deviation. Two-way repeated-measures analysis of variance was used to determine the main effect of time and/or detraining on study outcomes (body weight, leptin, insulin, and cortisol levels). Tukey post-hoc tests were performed when a significant main effect or interaction was obtained to determine differences between means. Statistical significance was set at p < .05 (two-tailed).
RESULTS

Body weight
Changes in body weight are presented in Fig. 1 . The exercise-trained groups had a lower body weight after 12 weeks of training than the control groups (p <.01). Body weight increased after 6 weeks and 12 weeks of detraining in all conditions. Body weights in the trained and detrained groups were similar to those in the control groups (p>.05).
Plasma leptin level
The plasma leptin level increased significantly after 6 weeks of detraining in all conditions with significant differences between the control and trained detrained groups (p <.01; Fig. 2 ). After 12 weeks of detraining, the trained detrained groups exhibited a decrease in leptin levels (p>.05).
Plasma insulin level
The plasma insulin level increased gradually during the 24-week experimental period in the control groups, with significant differences in the trained detrained groups (p <.01; Fig. 3 ). There were no significant differences between the LTD and HTD groups during the experimental period (p>.05).
Plasma cortisol level
Compared with the control groups, both detraining treatments resulted in a higher concentration of cortisol at all points during the test (p <.01; Fig. 4 ). The change in cortisol between the LTD and HTD groups was similar during the experimental period; however, differences between the groups were not significant (p>.05).
DISCUSSION
The purpose of this study was to examine the effect of various training intensities, training periods, and detraining periods on metabolic hormones. We found that 1) endurance training resulted in lower leptin and insulin levels compared to no training; 2) training-induced lower leptin and insulin levels were significantly different compared to the no training condition after 6 and 12 weeks of detraining; and 3) changes in leptin and insulin levels due to endurance training are intensity-independent. Leptin plays an essential role in the regulation of food intake and energy balance [5] . Most previous studies have examined the effects of exercise training on serum leptin concentrations [5, 18, 19] , but few studies have investigated the effect of prolonged periods of detraining on leptin levels. For example, leptin levels decreased significantly following a 20-week period of endurance training [5] and a 6-month resistance training program [20] . In line with previous observations, we found that 12
weeks of endurance training resulted in significant differences in leptin levels between training and control conditions, and leptin levels remained lower in training conditions compared to controls at 6 and 12 weeks of detraining. However, leptin levels were not different between exercise intensity conditions for the 24-week experimental period. This is inconsistent with previous findings, which indicated that absolute leptin levels and the percent decrease from baseline were higher in highintensity training compared with other groups (control, low-intensity training, and moderate-intensity training) after 6 months of training and 6 months of detraining [20] . The reason for the discrepancy between our findings and those of Fatouros et al. [20] is unclear, but it may be due to the exercise modality (continuous exercise on a treadmill vs. resistance exercise). Our findings suggest that the exercise duration should be considered rather than the exercise intensity for obesity treatment to mediate energy balance and body weight through leptin responses to continuous aerobic exercise.
In the present study, the insulin concentration was significantly increased in the control groups. This response can be directly associated with the degree of weight gain [13] . However, insulin decreased after 12 weeks of high-intensity and low-intensity training in the current study.
This is in line with previous studies showing that low-volume/moderate intensity (~12 miles walking/wk at 40-55% VO2 peak) and high-volume/ high intensity (~20 miles jogging/wk at 65-80% VO2 peak) exercises for 6 months significantly decreased the insulin level, with significant decrease in body weight [21] . Interestingly, in the current study, the insulin level was significantly lower in both training conditions after 6 and 12 weeks of detraining, even though body weight matched the controls simultaneously. The concentration of serum insulin, therefore, may not depend on large changes in body weight after a prolonged period detraining. Our findings thus align with other observations that traininginduced increases in insulin action continued for 6 and 15 days of detraining in overweight subjects [22, 23] , and the training-induced improvement in insulin sensitivity was not associated with changes in body weight, body fat, and adiponectin [24] . Nassis et al. [24] suggested that enhanced insulin sensitivity may be due to an increase in the glucose transporter-4 concentration in skeletal muscle and training-induced increase in skeletal muscle mass, which is the primary target tissue for insulin action. Together, these observations suggest that adaptations, such as changes in the ability of muscles to metabolize glucose [25], associated with moderate-intensity exercise and high-intensity exercise training for 12 weeks, may improve insulin action that remains for prolonged periods of detraining.
There were significant differences in the cortisol level between the control and exercise training groups throughout the testing periods in the present study. The cortisol level was higher in both training groups than in the controls. These increases are likely the result of enhanced stimulus to the hypothalamic-pituitary-adrenocortical axis [26] . However, for reasons that are unclear, cortisol levels were not significantly different between training groups throughout the experimental period.
Differences in exercise duration can explain the lack of differences between the training groups. Indeed, Hill et al. [27] reported that the circulating cortisol level was greater in a high-intensity exercise group (80% VO2max) than in a low-intensity exercise group (60% VO2max) for durations of 30 minutes. Therefore, the training-induced increase in the cortisol level may improve cortisol-dependent metabolism (e.g., stimulating gluconeogenesis in the liver), which persists over a prolonged time of detraining.
There were several limitations to the current study, including the analysis of body tissues, such as the brain, muscle, and fat. Unfortunately, we could not analyze tissues to determine cellular and molecular responses to exercise training and a prolonged period of detraining. Exercise training and detraining may differently affect changes in cell signaling, which affects the release of metabolic hormones and the expression of hormones' receptors. Further research is needed to investigate the effects of exercise training and detraining on cell signaling.
In conclusion, our findings indicate that training-induced changes in leptin, insulin, and cortisol concentrations persist for at least 12 weeks of detraining. In contrast, exercise intensity is not important for mediating changes in circulating hormone concentrations after training and detraining. These findings suggest that low-intensity exercise (60% VO2max)
training is sufficient enough to affect the endocrine system.
